Telemedicine provides the opportunity to bring medical expertise to the bedside, even if the medical expert is not physically near the patient. Internet technology has facilitated telemedicine allowing for voice, video and other data to be exchanged between remote locations. To date, applications of telemedicine to anesthesia (Teleanesthesia) have been limited. Previous work by Cone et al., (Anesth Analg 2006 ;1463-7) demonstrated the ability to direct an anesthetic in a remote location using satellite communication. In this report, we describe the use of telemedicine to support two cases of elective living related pediatric liver transplants performed at the Narayana Hrudayalaya Institute of Medical Sciences in Bangalore, India with preoperative and intraoperative consultation provided by physicians at the Children's Hospital of Philadelphia. (Anesth Analg 2009; 108:1212-4) Tel emedicine is a rapidly developing area of medicine that facilitates physician communication, consultation and the delivery of medical care across vast distances using Internet and telephone technology. There are few reports describing the application of telemedicine to anesthesia. 1, 2 We report the first application of telemedicine to pediatric liver transplantation with real-time monitoring and consultation provided by a Philadelphia-based anesthesia team to a team in Bangalore, India where the transplants took place.
CASE REPORTS

Case 1
Patient A was a 4-yr-old boy with a history of extrahepatic biliary atresia who developed liver failure and presented for living related liver transplant. His preoperative weight was 16 kg. Physical examination findings included ascites, a palpable liver edge and a large spleen.
A connection was established with the remote location at 9:50 pm. Eastern Standard Time on the day of surgery. The anesthetic and surgical plan was reviewed with the entire Bangalore team and all questions addressed prior to the induction of anesthesia. A video camera was positioned in a manner allowing The Children's Hospital of Philadelphia (CHOP) consultants to observe the operating field ( Fig. 1 ) and patient monitors. The patient underwent IV induction with propofol, two peripheral IV lines were placed, and a left radial 22-gauge intraarterial catheter and a right 5.5 French internal jugular vein catheter were inserted. The CHOP team provided immediate feedback to the Bangalore team throughout the case, e.g., during the placement of the central line, the team at CHOP was first to notice persistent ectopic beats on the electrocardiogram monitor and immediately instructed the remote team to withdraw the central catheter. Vital signs were obtained by panning the video camera intermittently between the surgical field and the monitors of the host institution ( Fig. 2 ). Laboratory results were dictated verbally from India and recorded to a Microsoft Excel spreadsheet in Philadelphia. During the course of the procedure, the consultants directed several aspects of the anesthetic including blood gas management, administration of sodium bicarbonate, volume resuscitation, management of coagulopathy, administration of pressors, and glucose management (Fig. 3 ). The preanhepatic phase lasted about 7 h, whereas the anhepatic phase was about 1 h and the neohepatic phase was an additional 2 h. The patient did well postoperatively and was extubated on the following day. No postoperative consultation was provided.
Case 2
Patient B was a 16-mo-old boy with a history of biliary atresia who presented for liver transplantation. For this case, the connection was established at 9 pm, Eastern Standard Time. The patient weighed 8 kg, had no known drug allergies and on physical examination had icteric sclerae, clear lungs, class one airway and an unremarkable cardiac examination. The patient underwent an IV induction with propofol. A left upper extremity 20-gauge IV was placed; a 4.5 French 6 cm catheter was inserted in the right internal jugular vein and a right radial 22-gauge arterial catheter was inserted. The anesthetic course was significant for episodes of hypotension requiring fluids, dopamine and sodium bicarbonate as per our direction. During one of these episodes of hypotension, the CHOP group suggested fluids, bicarbonate, calcium and an epinephrine bolus. The Indian team noted anemia and recommended administration of packed red blood cells. The patient did well and was extubated on postoperative day 1. There was no postoperative consultation provided in either case.
DISCUSSION
This is the first report of organ transplantation with the use of remote anesthesia consultation. Teleanesthesia provides a means for expert consultation during a case.
There are several challenges to make this succeed, which include:
1. Medical Licensure: Physicians are required to have a medical license from each state/country in which they practice; tele-anesthesia involves practice across state and national borders. In the United States, national and regional policy-makers are looking for a compromise on multistate licensure issues. When one provides tele-anesthesia who becomes responsible for licensing? Is it the state where the consultant resides or is it the state or country in which the consultant provides care? Does the consultant's institution need a license in the state or country where consultation is being provided? Several states and the Federation of State Medical Boards have adopted legislation relating to the licensure of telephysicians. This would allow limited licensure of physicians (and an abbreviated process) to practice across state lines and would subject physicians granted such licensure to disciplinary action in the patient's state. The American Medical Association supports full and unrestricted licensure in each state for physicians, regardless of specialty, who wish to regularly practice telemedicine in that state to ensure that qualifications of physicians at remote sites are at least equivalent to those of physicians at sites of care delivery. 3 Some states allow for limited consultations as long as the nonresident consultant does not have ultimate authority over the patient's diagnosis and care. A uniform standard would be of benefit to telephysicians and providers should carefully scrutinize the laws of the host region where services are rendered.
Equipment Function: Our connection was dis-
connected during the first case because of a preset limit on connection time at the remote location. We reconnected without any difficulty or patient compromise. We recommend a simulated connection before the date of surgery to ensure equipment compatibility. We also suggest a backup communication system in the event of a connection failure. GoToMeeting™ online software was our backup system for online communication. Its use was limited to voice communication but not live video because GoToMeeting did not support live video conferencing. Since our telemedicine cases, new software has become available to facilitate live video conferencing without a dedicated integrated services digital network line. Many of these programs are available as free downloads on the Internet (e.g., Skype TM ) and are easy to configure. Connection efficacy is, however, limited by bandwidth and Internet traffic. We therefore recommend a double backup system if one chooses to use such software as a primary backup. For example, one could have a dedicated integrated services digital network line for a primary connection and use Skype as a primary backup and GoToMeeting as a secondary audio-only backup. 3. Issue of Liability: What procedures are available in the event of a negative outcome? To whom and where does the plaintiff bring a suit? Would the consultant's malpractice coverage be in effect during consultations in another country? In our case, a memorandum of agreement was drafted between the two hospital administrations requiring the hospital in Bangalore India to take full responsibility for any malpractice claims made. If tele-anesthesia were provided in a location without a physician at the patient's location (e.g., nurse-administered anesthetic), the consultant would then be responsible for obtaining informed consent. The standards for obtaining informed consent vary from state to state and internationally. Which state or country's standard would then apply? 4. Reimbursement and Cost Issues: We provided our services at no cost to the team or patient. However, as tele-anesthesia expands, one would expect the consultants' practice and sponsoring institution to be reimbursed for their services. Medicare and several Medicaid programs currently provide reimbursement for telemedicine services. Twenty-six of 53 states and territories allow for some form of telemedicine reimbursement through Medicaid. 4 Reimbursement for international care would depend on the insurance carrier at the host country. Regulations for telemedicine reimbursement in the United States by private insurers are set by the states. Five states have enacted laws requiring that services provided via telemedicine must be reimbursed if the same service would be reimbursed when provided in person. According to a survey conducted in 2003 by AMD Telemedicine (a supplier of medical devices used in telemedicine), private payers reimburse for telemedicine services in 25 states. A recent update to this survey reported that 57% of respondents indicated that they received some form of telemedicine reimbursement from private insurers. 5 Tele-anesthesia often reduces the cost of providing care. In our situation, we were able to eliminate the travel and lodging-related costs had we traveled to Bangalore and reduced our time away from our local anesthesia practice. These savings need to be weighed against the cost of using our telecommunications equipment. 5. Time Zone Differences: As was the case with our report, a consultant may have to provide consultation during evening and dawn hours. This could make it difficult for the consulting physician to provide services at his usual anesthetizing location on the day after a tele-anesthesia case. 6. Finally, the ideal system for teleanesthesia would consist of a recording system that would instantaneously allow patient data to be displayed at both locations and would allow both teams full access to the ongoing patient record. This would make for better documentation of the anesthetic record and make it easier for the consultant group to review patient data and observe lab results as they are entered.
We plan to provide this service for future cases with the goal of eventually enabling the remote practitioners to operate independently after the experience gathered from several telemedicine cases. International telemedicine is a growing field but many obstacles remain to deliver care in this fashion. A recent resolution ("eHealth Resolutions") by the World Health Organization, Geneva, Switzerland may help expedite advances in international telemedicine. This resolution bears the slogan "eHealth for all by 2015." It urges member states to develop strategic plans to implement eHealth services, to develop infrastructure for information and communication technologies for health, and in general to facilitate and promote the deployment of eHealth and telemedicine services. 6 
